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Description 

The invention relates to the homogenlzation of a liquid and a gas. 

The invention has particular application to the treatment of fluid flows which are multi-phase, in that they comprise 

5 both gas and liquid components, but which are by no means uniformly better mixed or homogenized. A mixture of gas 
and oil extracted from an onshore or a subsea well, for example, can vary substantially as regards its gas and liquid 
components. It may comprise slugs of substantially unmixed liquid separated by primarily gaseous portions, as well as 
portions that are more or less homogeneous. This inconsistency of the nature of the extracted material makes it difficult 
to handle, in particular by pumping equipment, which could more readily deal with a more homogeneous mixture. 

10 The invention is consequently concerned with conveniently achieving multi-phase fluid flows which are effectively 
homogenized and accordingly provides a method of and an apparatus for obtaining a homogenized multi -phase fluid 
flow in a simple and convenient way. It is known from US-A-4 267 052 to aerate a circulating liquid in a vessel having a 
bottom mixing rotor at the end of a rotatabie hollow shaft having openings to the liquid, and to air above the liquid. The 
shaft includes a venturi nozzle downstream of the liquid opening and a gas tube wherein liquid and gas are mixed by 

15 the venturi nozzle in the shaft. 

The invention provides an apparatus according to claim 6 and a method according to claim 1. 
The liquid flow in the discharge duct can be induced by gravity, the outlet to the discharge duct being then conven- 
iently located in the floor of the vessel or tank. The liquid flow can instead be pump induced or aided and the venturi 
can then be located directly upstream of a punrp unit. 

20 The gas can be drawn from the gas body through an aperture in the roof of the vessel which communicates with 
the piping by a transverse extension thereof outside the vessel or by way of a chamber mounted on its roof. Alternatively 
such a supply chamber can be separated from the main volume of the vessel by a suitably apertured internal partition. 

Preferably, the apparatus incorporates means tending to ensure that the vessel or container always contains some 
of both the liquid and the gas components. The invention can accordingly provide that the piping communicating with 

25 the discharge duct extends through the pool of liquid in the tank and is provided with apertures or perforations spaced 
apart along it. Both liquid and gas thus flow together in the piping. The amount or proportion of the gas component 
which is drawn off from above the liquid thus decreases as a function of an increase of the liquid level, as more of the 
perforations are submerged. Integral regulation is thus conveniently obtained. 

The invention will thus be understood to provide a simple and effective homogenizing method and apparatus, which 

30 can operate under gravity in appropriate conditions, without the need for a power input, and which can incorporate auto- 
matically operating regulator means. 

The invention is further described below, by way of exanrtple, with reference to the accompanying drawings, in 
which: 

35 Figure 1 is a schematic sectional view of a mixing or homogenising unit or apparatus embodying the invention; and 
Figure 2 graphically illustrates the relationship between the liquid level in the apparatus of Figure 1 and the void 
fraction drawn off. 

The apparatus of Figure 1 comprises a vessel or container 10 of generally upright cylindrical form of which the inte- 
40 rior is closed, except for the fluid inlets and the outlets to be described. At the upper region of the cylindrical side wall 
1 1 of the container, there is provided an inlet port 12 communicating by a pipe 14 with a source (not shown) of a mul- 
tiphase fluid. A liquid outlet port 1 5 is provided centrally .in the floor 1 6 of the container 10 and communicates with an 
outlet or discharge pipe or fitting 1 7 having an internal constriction 19 which forms a venturi. A gas outlet port 20 in the 
roof 21 of the container communicates with an upper chamber 22 mounted on the roof. Also communicating with the 
45 chamber 22 is a generally vertical pipe 24 extending downwardly from a central aperture 25 in the roof. The pipe 24 
extends downwardly through the container interior into the discharge fitting 1 7, the lower open end 26 of the pipe being 
located concentrically within the fitting just above the constriction 19 forming the venturi. 

The upper portion of the container 10 thus communicates with the pipe 24 by way of the chamber 22 and for a rea- 
son explained below, this upper container portion also communicates with the pipe 24 through a series of perforations 
50 27 through the pipe wall. The perforations 27 extend along substantially the entire length of the pipe 24 within the con- 
tainer. 

The liquid component of a multi-phase fluid flow entering the container by way of the inlet port 1 2 tends to separate 
under gravity from the gaseous component and forms a pool 29 in the lower part of the container. A body of the gaseous 
component occupies the upper part of the container, above the free surface of the liquid pool. 
55 The liquid component is withdrawn from the pool 29 in the container through the discharge port 15 under gravity, 
with or without the assistance of a downstream pump 31 connected for example at the lower end of the discharge pipe 
17, as schematically shown, and the effect of the venturi is to draw the gas from the upper part of the tank interior 
through the pipe 24 in admixture with the liquid phase, so that a homogenized or substantially homogenized fluid is 
obtained in the discharge pipe 17. If the multi-phase fluid flow entering the container interior is already homogenous or 
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approximately so, then the mixture will be discharged through the pipe 1 7 by way of both the outlet port 1 5 and the open 
end 26. 

The void fraction a of the fluid discharged from the container 10 depends on the dimensions of the venturi. and can 
be made independent of the total flow rate Q^. the liquid level h in the container, and the absolute pressure. 
5 Assuming that both some liquid and some gas are present in the container, the total pressure drop for the gas and 
for the liquid phases flowing through it will be equal, and the void fraction from the container can be obtained from the 
resulting equation as follows: 

2 LAl' a/ (1-a)'-Q/J 2 LAq' A/J 



where: 




Ar- 


the cross-sectional area of the container. 


Al- 


the cross-sectional area of the liquid in the venturi, 


Ag- 


the cross-sectional area of the gas in the venturi. 


k- 


the total liquid loss coefficient, 


4g- 


the total gas loss coefficient, 


pl- 


the liquid density. 


pg- 


the gas density, and 


g- 


gravity. 



25 During steady flow conditions, the average void fraction drawn from the container will equal the average void frac- 
tion entering it. To ensure that both liquid and gas are always present in the container, it is convenient to decrease the 
gas fraction drawn off as the liquid level increases, and vice versa, and this is achieved by the perforations 27 in the pipe 
24. The perforated pipe 24 thus acts as an integral regulator allowing a variation in the void fraction. 

The relation between the liquid level in the container and the void fraction drawn from it (the mixing unit character- 
30 istic) is illustrated in Figure 2. Any desired mixing unit characteristic can be obtained by appropriate choice of dimen- 
sions of the venturi and the perforations 27 in the pipe portion 24. 

It will be readily appreciated that the invention can be embodied in a variety of ways other than as specifically 
described and illustrated, within the scope of the claims. 

35 Claims 

1 . A method of homogenizing a liquid phase and a gas phase of a flowing non-uniform multiphase fluid, the method 
comprising the steps of: 

40 a) separating the two phases of the flowing fluid into adjacent gas and liquid bodies within a closed vessel (1 1 ) 

by gravity with the gas phase above the liquid phase; 

b) causing the two phases to flow through a venturi constriction (1 9) in a duct (1 7) for mixing and homogenizing 
the phases of the flowing fluid and to flow away from the vessel by way of an opening (15) in a wall of the ves- 
sel, which opening forms an inlet end for the duct (17). and by way of a piping (24) having an inlet end within 
45 the vessel interior spaced from the opening (15) and immersed in one phase of the fluid and an outlet end 

within the duct at or upstream of the venturi constriction (1 9), whereby the flow of liquid through the venturi con- 
striction creates suction by which the gas is drawn into the liquid flow. 

2. A method as claimed in daim 1 , wherein the two phases of the fluid flow through the venturi constriction at rates 
50 tending to maintain both phases of the flow present within the vessel (11). 

3. A method as daimed in claim 2, wherein the two phases of the fluid flow from the vessel in relative amounts 
dependent on the level of the liquid phase. 

55 4. A method as claimed in daim 1 , 2. or 3, wherein the flow of the liquid phase and the gas phase through the venturi 
constriction is effected by the action of gravity. 
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5. A method as claimed in claim 4. wherein the flow of the liquid phase and the gas phase through the venturi con- 
striction Is assisted by a suction pump (34) communicating with the duct {1 7) downstream of the venturi constric- 
tion. 

5 6. An apparatus for carrying out the process of daim 1 comprising a closed vessel (11) for receiving the non-uniform 
multiphase flow and for containing the gas and liquid bodies which have been separated under gravity, a duct (1 7) 
having a venturi constriction (19) therein for mixing and homogenizing the two phases and a piping (24) having an 
inlet end (25) and an outlet end (26). the piping outlet end (26) being within the duct at or upstream of the venturi 
constriction, wherein the vessel (1 1) has a common inlet (12.14) for the two phases, the duct (17) having an inlet 

10 communicating with the interior of the vessel at an opening (1 5) in a wall of the vessel, and the inlet end of the pip- 
ing (24) communicates with the vessel interior at a position spaced from the opening (15). 

7. An apparatus as dalmed in daim 6. wherein the piping (24) extends from the outlet end thereof through the open- 
ing (1 5) and into the vessel (11). 

15 

8. An apparatus as dalmed in claim 7. wherein the piping (24) extends through the vessel (1 1) and communicates 
with the vessel Interior by way of a chamber (22) located adjacent the vessel (1 1) and with which the piping com- 
municates, the chamber being in communication with the vessel. 

20 9. An apparatus as dalmed in claim 7 or 8 wherein the piping (24) has a plurality of apertures (27) spaced apart along 
its length within the vessel (11). 

10. An apparatus as dalmed In daim 6. 7. 8. or 9, wherein the opening (15) is located in the lower region of the vessel 
(11). 

25 

11. An apparatus as dalmed in any one of claims 6 to 10 wherein the outlet end of the discharge duct (17) communi- 
cates with the inlet of a suction pump (31). 

Patentanspruche 

30 

1. Verfahren zur Homogenisierung einer flussigen Phase und einer Gasphase eines flieBenden. ungleichfOrmigen 
mehrphasigen Fluids, wobei das Verfahren die folgenden Schrltte umfaBt: 

a) Trennen der beiden Phasen des flieBenden Fluids In nebeneinanderliegende Gas- und Flussigkeitsvolumen 
35 innerhalb eines geschlossenen Behaiters (11) durch Schwerkraft, wobei die Gasphase uber der flussigen 

Phase liegt; 

b) Leiten der beiden Phasen durch eine Venturiverengung (19) in einem Kanal (17) zum Mischen und Homo- 
genisieren der Phasen des flieBenden Fluids und aus dem BehSlter durch eine Offnung (15) in einer Wand des 
Behaiters, wobei die Offnung ein EinlaBende fur den Kanal (17) bildet. und durch eine Rohrleitung (24) mit 

40 einem EinlaBende im Inneren des Behaiters. das von der Offnung (15) beabstandet und in eine Phase des 

Fluids eingetaucht ist. und einem AuslaBende In dem Kanal an Oder oberhalb der Venturiverengung (19), so 
daB durch den Strom der Flussigkeit durch die Venturiverengung ein Saugdruck erzeugt wird, durch den das 
Gas in den Flussigkeitsstrom gesogen wird. 

45 2. Verfahren nach Anspruch 1 , wobei die beiden Phasen des Fluids durch die Venturiverengung mit Geschwindigkei- 
ten strOmen, die dazu tendieren, beide StrQmungsphasen in dem Kessel (1 1) zu erhalten. 

3. Verfahren nach Anspruch 2, wobei die beiden Phasen des Fluids in relatlven Mengen je nach dem Stand der flus- 
sigen Phase von dem BehSIter flieBen. 

50 

4. Verfahren nach Anspruch 1 , 2 oder 3, wobei der Strom der flOssigen Phase und der Gasphase durch die Ventu- 
riverengung durch den Einf luB von Schwerkraft bewirkt wird. 

5. Verfahren nach Anspruch 4, wobei der Strom der flussigen Phase und der Gasphase durch die Venturiverengung 
55 durch eine Saugpumpe (34) unterstutzt wird, die unterhalb der Venturiverengung mit dem Kanal (1 7) in Verbindung 

steht. 

6. Vorrichtung zur Durchfilhrung des Verfahrens von Anspruch 1 , umfassend einen geschlossenen Behaiter (1 1 ) zum 
Empfangen des ungleichffirmigen Mehrphasenstromes und zur Aufnahme der Gas- und Flussigkeitsvolumen, die 
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unter Schwerkraft getrennt wurden, einen Kanal (17) mit einer Venturiverengung (19) darin zum Mischen und 
Homogenisieren der beiden Phasen und eine Rohrleitung (24) mit einem Einlafiende (25) und einem AuslaSende 
(26), wobei sich das AuslaSende (26) der Rohrleitung in dem Kanal an oder oberhalb der Venturiverengung befin- 
det. wobei der Behatter (1 1) einen gemeinsamen Einla3 (12, 14) fur die beiden Phasen aufweist, wobei der Kanal 
5 (17) einen EinlaB aufweist, der mit dem Inneren des Behaiters an einer Offnung (15) in einer Wand des Behaiters 
in Verbindung steht. und das EinlaBende der Rohrleitung (24) mit dem Inneren des Behaiters an einer von der Off- 
nung (15) beabstandeten Position in Verbindung steht. 

7. Vorrichtung nach Anspruch 6, wobei die Rohrleitung (24) von ihrem einen AuslaBende durch die Offnung (15) und 
10 in den Behaiter (1 1 ) verlSuft. 

8. Vorrichtung nach Anspruch 7, wobei die Rohrleitung (24) durch den Behaiter (11) veriauft und Ober eine Kammer 
(22), die sich neben dem Behaiter (1 1) befindet und mit der die Rohrleitung in Verbindung steht, mit dem Inneren 
des Behaiters in Verbindung steht. wobei die Kammer mit dem Behaiter in Verbindung steht. 

15 

9. Vorrichtung nach Anspruch 7 oder 8, wobei die Rohrleitung (24) eine Mehrzahl von Durchbruchen (27) aufweist, 
die uber ihre lange innerhalb des Behaiters (11) voneinander beabstandet sind. 

10. Vorrichtung nach Anspruch 6, 7, 8 oder 9, wobei sich die Offnung (15) im unteren Bereich des Behaiters (1 1) befin- 
20 det. 

11. Vorrichtung nach einem der Anspruche 6 bis 10, wobei das AuslaBende des Ablaufkanals (17) mit dem EinlaB 
einer Saugpumpe (31) in Verbindung steht. 

25 Revendications 

1 . Proc6d6 d'homog6n6isation d'une phase liquide et d'une phase gazeuse d'un f luide multiphase non un forme cou- 
lant, le proc^6 comprenant les stapes de: 

30 a) separation des deux phases du f luide coulant en des corps gazeux et liquide adjacents k rint6rieur d'un reci- 

pient ferme (11) par gravity avec la phase gazeuse par dessus la phase liquide; 

b) 6coulement forc6 des deux phases k travers une constriction venturi (19) dans une conduite (17) pour 
m6langer et homog6n6iser les phases du f luide coulant et §coulement hors du recipient par une ouverture (1 5) 
dans une parol du recipient, laquelle ouverture forme une extr6mit6 d'entr^e du conduit (17), et par une tubu- 
35 lure (24) ayant une extr6mit6 d'entr6e a I'interieur du recipient espac6e de I'ouverture (15) et immerg6e dans 

une phase du f luide et une extremity de sortie a I'interieur du conduit ou en amont de la constriction venturi 
(19), si bien que i'^coulement du liquide a travers la constriction venturi cr^e une aspiration par laquelle le gaz 
est attire dans recoulement du liquide. 

40 2. Precede selon la revendication 1 , dans lequel les deux phases du f luide s'ecoulent a travers la constriction venturi 
a des debits tendant a maintenir la presence des deux phases du fluide a I'interieur du recipient (11). 

3. Proc6d6 selon la revendication 2, dans lequel les deux phases du fluide s'ecoulent hors du recipient en des quan- 
tites relatives dependant du niveau de la phase liquide. 

45 

4. Procede selon la revendication 1,2 ou 3, dans lequel recoupment de la phase liquide et de la phase gazeuse a 
travers la constriction venturi est effectuepar Taction de gravite. 

5. Proc6d6 selon la revendication 4, dans lequel I'ecoulement de la phase liquide et de la phase gazeuse a travers la 
50 constriction venturi est assiste par une pompe aspirante (34) communiquant avec le conduit (17) en aval de la 

constriction de venturi. 

6. Appareil pour effectuer le precede de la revendication 1 , comprenant un recipient ferme (1 1) pour recevoir I'ecou- 
lement multiphase non uniforme et pour contenir les corps gazeux et liquide qui ont ete s6pares par gravite. un 

55 conduit (1 7) comportant une constriction venturi (1 9) pour meianger et homogeneiser les deux phases et une tubu- 
lure (24) ayant une extremite d'entree (25) et une extremite de sortie (26), Textremite de sortie de tubulure (26) 
etant a I'interieur du conduit au niveau ou en amont de la constriction venturi, dans lequel le recipient (11) a une 
entree commune (12,14) pour les deux phases, le conduit (17) ayant une entr6e communiquant avec I'interieur du 
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recipient au niveau d'une ouverture (15) dans une parol du recipient, et rextr^mit^ d'entr^e de la tubulure (24) com- 
munique avec i'int^rieur du recipient k une position espac^e de I'ouverture (15). 

7. Apparei) selon ia revendication 6, dans lequel ta tubulure (24) s'^tend depuis I'extr^mit^ de sortie de celle-ci k tra- 
vers I'ouverture (1 5) et dans le r6cipient (11). 

8. Apparetl selon la revendication 7, dans lequel la tubulure (24) s'§tend k travers le recipient (1 1) et communique 
avec rint6rieur du recipient par une chambre (22) situ^e adjacente au recipient (1 1) et avec laquelte la tubulure 
communique, la chambre 6tant en communication avec le recipient. 

9. Appareil selon la revendication 7 ou 8, dans lequel la tubulure (24) a une plurality d'ouvertures (27) espac^es sur 
sa longueur k I'int^rieur du recipient (1 1). 

10. Appareil selon la revendication 6, 7, 8 ou 9, dans lequel I'ouverture (15) est situ^e dans la partie inf^rieure du reci- 
pient (11). 

11. Appareil selon Tune quelconque des revendications 6 k 10. dans lequel Textr^mite de sortie du conduit de 
d§charge (17) communique avec Tentr^e d'une pompe aspirante (31). 



EP 0 379 319 B1 



12 



22 25 21 



I 



7 





27i 



31- 



FIG.2. 

FULL 

LiaUID 
LEVEL 

AVERAGE 



EMPTY 



























f 














1 \ 



0.0 



AVERAGE MAX- 1.0 
VOID FRACTION 



